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methods available today, as the adsorption system is mostly non-toxic,
and consists of a simple operation and the straightforward development
of adsorbents [7,11]. Extensive studies regarding development and em-
ployment of such adsorbents have been reported for cellulose [11], chito-
san [7], activated carbon [12], β-cyclodextrin [13], aminocarboxylic
sorbents [14],β-cyclodextrin (β-CD) [15], silica [16], and titaniumdioxide
[17]. Of note, an EDTA-modiﬁed chitosan-based adsorbent was prepared
and used for recovery of rare earth ions from water [7]. In other work,
Michel et al. reported on the development of an EDTA-linked β-CD
dimer showing good chemical sensing and strong complexes with Lan-
thanide ions [18].
Yong et al. [19] reported on the development of hydrogel adsorbents
consisted of a monolithic open-cellular framework for enrichment of
rare-earth metals. The obtained results showed rapid adsorption kinetics
with equilibrium obtained at 30min, with higher adsorption capacities of
384.62 and 333.33 mg g−1 for La and Ce, respectively. Sun et al. [20] de-
scribed the synthesis of an adsorbent containing carbon nano-shells ob-
tained from polydopamine, which has since been applied for adsorption
of REEs in various high-tech industries [20]. To meet industry demands,
various industrial processes being developed for pre-concentration and
separation of REEs today include the use of techniques such as solvent ex-
traction [21,22], ion exchange [23], adsorption [24], liquid membranes
[25], and MIPs [26,27]. A practical adsorbent must be characterized by
high selectivity for low concentration rare earth ions, absorbability at
lower pH levels, rapid adsorption/desorption rates, high adsorption ca-
pacity, reusability, and a low cost of production. Among various methods
